Several methods of modeling systems are common in TRIZ for problem solving, system simplification, and improvement. Subject -Action-Object models are based on specific physical components of a system and the explicit effects they exert on other components of the system, and are derived from the Su-field modeling method of classical TRIZ. "Operational" models, generally known as "problem formulator" models, allow broader definition of a system's elements to include actions as well as components. Both models focus on whether those elements ultimately contribute useful or harmful effects to the primary purpose of the system or to elements supporting that purpose.
INTRODUCTION
All TRIZ processes include a stage usually called "analysis of the zones of conflict," which emphasizes understanding the situation in detail in time, space, and circumstances. Altshuller made it clear that TRIZ analysis must reflect the nature of the real world:
"Complicated? Yes, indeed. The world in which we live is constructed in a complicated way. And if we want to learn about it and transform it, our thinking must reflect this world correctly. The complex, dynamic, dialectically developing world should find in our consciousness its full model which is complex, dynamic, and dialectically developing." (1)
Functional analysis modeling
In the first paper of this series, we examined the use of various functional analysis and modeling techniques (2) , and found that the techniques which model the time dependence of a situation gave more useful suggestions for solving the problem than the static, or time-independent models. The time graphs in the Product Analysis module of Invention Machine's TechOptimizer™, D. Mann's essay on functional analysis (3, 4) , and P. Apte and D. Mann's work on non-linear problems (5) all suggest a growing awareness of the importance of time-dependence in modeling a system, before applying any of the TRIZ methods to solving the system's problems. Likewise, the popularity of A.
Seredinski's (6) and D. Mann's (3) system operator work show the awareness of the need to look at a problem from the perspective of time sequence and the magnitude of time intervals for complete understanding of the system.
Time dependent functional analysis modeling
Experienced TRIZ practioners have always done time-dependent real world system modeling as part of the preliminary analysis of a situation, but they have not created tools for TRIZ beginners to use to develop these insights. Rantanen and Domb (7) introduce the metaphor of Scylla and Charybdis from classical mythology to emphasize that a problem may have radically different nature at different times-Odysseus had different problems before, during, and after sailing between the monster and the whirlpool.
Only the highest level of ideal solution will resolve problems from all the time zones simultaneously. The ideal system doesn't exist, but performs all its functions. Neglecting to model the time relationships will lead to sub-optimum, sub-ideal solutions that may only perform some of the functions, in some of the time zones. Experiments with time-dependent causal loop models (8, 9, 10, 11, 12) demonstrate that a hierarchy of levels of analysis of a system under study will make the TRIZ problem solving opportunities much clearer.
Agricultural case study: Management of Flax Straw.
In order to explore these modeling systems with a real case study, the problem of flax straw in Saskatchewan Canada was selected. Agricultural systems are complex, time dependent, and subject to variation outside the control of the operator (weather, world market prices, investment in processing facility), but they are fairly easy to explain to audiences with a wide variety of technical knowledge and experience, as demonstrated in earlier work on functional analysis models using the no-till farming method (2).
DESCRIPTION OF THE FLAX CASE: Flax Harvesting and Residual Straw Disposal
Flax (Linum usitatissimum) straw from plants grown to produce seeds for oil is an extremely tough and durable agricultural by-product. After harvesting, the straw is accumulated and burned to clear fields. This requires human labor, equipment and fuel and may cause significant pollution.
L. usitatissimum grown for oil is a short (1 -2 feet) multi-headed plant. Crops are rotated, as part of disease prevention, on a (minimum) four year cycle. There is some minor production of special papers and specialty fibers from the fibers of oil flax plants. In Flax stems do not degrade; they last for years. Plant segments may carry disease and / or pests from year to year if left in place. Plant stems are too tough to be cut / chopped in the normally available grain combine equipment. Stalks can be cut / chopped after combining, but no other similar need / usage is observed on the farms; hence no multi-purpose equipment is routinely available.
The problem occurs through economic choice: It is cheaper (or at least more traditional), to spend the time and resources to pile or row the stalks and burn them in the field than it is to find alternate uses for the stalks as a product (13) . See Figure 2 . Processing the straw into substitutes for wood products and using it for cattle feed have emerged as alternatives in the last few years. See Figures 3a and 3b. These efforts to promote the use and added value processing of flax straw have recently become more organized in Saskatchewan (14) . 
MODELS FOR THE FLAX CASE

Function analysis
Subject -Action-Object models are based on specific physical components of a system and the explicit effects they exert on other components of the system, and are derived from the Su-field modeling method of classical TRIZ (15, 1, 2) . "Operational" models, generally known as "problem formulator" models, allow broader definition of a system's elements to include actions as well as components. Both models focus on whether those elements ultimately contribute useful or harmful effects to the primary purpose of the system or to elements supporting that purpose.
The Operational Model
The operational model ("problem formulator") for flax farming is shown in Figure 4 . This method is described in Ref. 16 and has been popularized by Ideation International's Ideation Workbench™ software. Each box represents either a useful or harmful function, and the arrows between boxes show relationships; that is, one function can cause or prevent another. A large number of potential problem statements are generated from this model by substitution in general formulas such as the following:
q Find a way to enhance the useful effect q Find a way to remove, reduce, or prevent a harmful effect without losing the useful effect that is generated by the same process.
q Find an alternate way to create a useful effect q Etc. The TRIZ practioner has to examine the list of potential problem statements, select the ones that are most appropriate for the situation, and then re-express them in terms of the language of the 6 situation in order to begin solving the problem. A sample of these problem statements is shown in figure 5 .
The formulator model is typically created at a single instant in time. Additional diagrams are created for different time intervals, if necessary. This leads to development of problem statements that are not explicitly time dependent. This may make them superficially easier to solve, but it may not reflect the reality of the system. Note that this modeling system is not really intended to show multiple alternates. Alternates were forced in this diagram. 
Functional Model (Subject-Action-Object Model)
The function analysis model is based on system engineering methods of defining a function in terms of two objects and the action that one performs on the other. The graphical form of function analysis has been popularized in TRIZ through Invention Machine Co.'s TechOptimizer™ and Creax's CreaTRIZ™ as shown in Fig. 6 
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The function analysis model is also typically created at a single instant in time, with the same consequences as for the operational model; that is, the problem statements are time-independent, which makes them easier to solve, but it may not reflect the reality of the system. Again, note that the modeling system is not really intended to show multiple alternates. Alternates were also forced in this diagram.
Time Dependent Modeling
Need for explicit modeling of time dependence
Many operational systems include elements or sub-systems that operate over widely diverse periods of time. In such systems change, or sometimes the rate of change, of parametric values of the elements of the system determine functionality. Traditional function analysis models portray static relations between the elements of a system and offer no means to show that elements may change the degree of their interactions over time, and may even have no effect on any other element of a system for significant periods.
For systems in which time dependency dictates functionality, useful modeling may require explicit portrayal of that time dependency to guide improvement of the real system. Fortunately various means and methods to develop and execute these models exist.
Using a Causal Loop modeling system
A causal loop model is shown in Figure 7 . This methodology is based on the systems thinking discipline developed and popularized by Peter Senge (8, 9) . One automated version of this modeling method, the I-Think Software by High Performance Systems, is described in Reference 10, and is among several software products available (11) . The modeling method utilizes a nouns and verbs representation of the elements of a system (12) . Nouns, represented by rectangles, are amounts, quantities, accumulations, things, states of being, or levels, etc. The verbs are activities that cause change, either positive or negative, in the magnitude (condition) of the nouns. Verbs are shown as directional pipes or flows, with regulators.
Additional graphic elements are useful in representing causal link model elements. First is the cloud, which can serve as an infinite source or sink for the noun elements. This allows models to be bounded for practicality, and allows a focus on sub-systems of particular interest. The second additional element is an action connector, shown as a solid curvilinear arrowed line, to show causal linkages, inputs or outputs, between model elements.
A clear distinction of this modeling system versus those above is that it not only shows dynamic coupling and linkages, it shows the changes of importance of the different factors being modeled over time, and provides for alternate operational paths within a model. The result of operating this model, for a particular set of parametric inputs (acreage, seeding and growing durations, and levels of demand for both process straw stocks and fodder for livestock) is shown in Figure 8 . These curves clearly demonstrate the variation in strength of causal factors over time, and may help reveal secondary effects not previously perceived. 
Months
Acres Tons influence, although not fully control, certain other factors such as soil moisture and soil fertility. The problems to be solved and the relationships between the solutions can be explored over a range of time and noise factors. See Figure 9 . Figure 9 . Output of the Causal Loop Model for certain ranges in market price of straw and demand for feed for cattle
Need for complete modeling of time dependence at different levels?
Review of the modeling results above showed that even if complete data existed about variations in environmental factors, market conditions, straw and oil demand, etc, to make decisions in a single year context, other conditions / constraints that operate over a multi-year horizon control many decision points. Constraints of crop rotation programs, available acreage, market demand for other crops, all combine with multiple assumptions about anticipated market demand months and years in advance of actual commitment to a planting program.
In order to effectively model a system which actually operates over a multi-year cycle, it is necessary to change the level of detail, and include system elements at a greater level of aggregation for decision making. These models continue to be developed. There is continuum of complexity levels ranging from discrete events (typically of short duration) through the accumulation of discrete events, to the developments of trends and patterns (typically over longer periods of time, since several cycles of accumulation are necessary to begin to see a pattern) to the macro-performance level, at which the system dynamics and relationships can be seen over an extended time period, and in relationship to the time-varying performance of the external environment. Figure 10 shows the pictorial representation of the hierarchy of complexity and duration that describes the nature of system models (8, 9, 10, 11) . This representation is reminiscent of the System Operator (3, 4, 5) and somewhat reminiscent of the DTC (Dimension/Time/Cost) Operator in TRIZ (1) . It is possible to build valid models of the system at each level, but until models are built at all levels, the performance of the system over time and in the functioning environment won't be effectively represented.
Macro-performance
Trends and Patterns
Accumulation of Discrete Events
Discrete Events
Continuum Duration
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Altshuller's definition of a system can be used at each of the 4 principal levels of the hierarchy:
q Tool q Object q Energy by which the tool affects the object q Transmission by which the energy is linked to the objects q Guidance and control method, by which the system functions. Table 1 shows that systems, using Altshuller's definition, are operating at each of the levels of the hierarchy. The reader can easily create several more levels between each of the levels shown. Complexity increases over the continuum; the four levels were introduced for convenience of discussion. 
CONCLUSION
None of the conclusions reached in this study will surprise experienced TRIZ practioners and TRIZ teachers. The tools, techniques, and methods demonstrated here for organizing information may be useful to all who try to apply TRIZ to complex situations. The application of several kinds of modeling methods to the problem of the Saskatchewan farmer making the decision about how to remove flax straw from the field has demonstrated the following:
1.
The more depth and breadth of modeling, in dimensions of time, space, economics, society, energy, etc., the more choices about the solution level as well as the solution itself will be developed.
2.
TRIZ tools, such as function analysis models (subject-action-object models and formulator models) are useful at many levels, but each individual model should be created at only one level. Not shown in this paper, but suggested by many people who have tried this, is the use of a map (tree diagram or table) for organizing the models and keeping track of the TRIZ problems and solutions associated with each level.
3.
Tools from other disciplines that specifically incorporate time dependencies can be added to the TRIZ "toolbox" easily, to aid in developing the insight necessary to formulate the TRIZ problems. 4.
Altshuller's 5-element system model is useful at all levels of complexity, to define the system at that level. In use, it is an excellent facilitation tool to help teams develop common definitions of the operating elements and flows of energy and information in their system. People who have been using the formulator model diagram or the subjectaction-object diagram as facilitation tools will find this table to be a useful supplement.
The table of model hierarchy may be particularly helpful when there is a de-coupling or shift in the very nature of an element of Altshuller's model as the hierarchy levels change.
5.
A new problem may be encountered, at a high level of complexity, when the very act of observing / improving large and time distributed systems changes the situation, while the system is operating.
The richness of TRIZ has expanded in the past as techniques were imported from value engineering, system engineering, and strategic planning methodologies. That richness will continue to expand both as more methods are used to increase the depth and breadth of problems that TRIZ addresses and as the ease of using the TRIZ methods increases the variety of people who can benefit from TRIZ. 
Campbellbri@yahoo.co.uk
In this short article I have given my personal views of contradictions based on three years of using TRIZ. Hopefully it will generate some comments.
There is only one Contradiction
One of the confusing issues I found when learning TRIZ was the two types of contradiction physical and technical -particularly when every text stated that the names didn't really mean anything. I found that the only way I could remember the differences was by their initials : Technical Contradiction TC was a Trade off Compromise and that a Physical Contradiction PC was a Pure Contradiction. Fortunately I was not put off, but how many people are because of the need to seemingly learn a new language?
The learning of TRIZ would be made much simpler if we renamed both terms.
It is my belief that the technical contradiction should not be considered to be a contradiction at all. Let us consider the relationship between weight and strength of a table. We would want a stronger table and never want a weaker table. There is no contradiction here. We only want to increase the strength of the table. Similarly unless taken to its extreme we would always want a lighter tableagain no contradiction. The "contradiction" only appears when we look at the relationship between weight and strength. The fact that, all else being equal, as strength increases (good) weight increases (bad). The contradiction appears but in the form of good and bad. How much less confusing if we termed this not a contradiction but a conflict, a compromise or perhaps to be consistent with "Simplified TRIZ" by Ellen Domb and Kalevi Rantanen a Trade Off. We want a stronger table but have to compromise by increasing its weight unless we apply the 40 principles. We would therefore talk in terms of looking for and being aware of Trade Offs and looking at how to resolve them using the 40 principles to avoid compromise. The contradiction matrix would then become the Trade Off matrix.
It is quite clear to me that the Physical Contradiction is a contradiction -we wish an object to be hot and we wish an object to be cold are clearly contradictory statements. So why not refer to it simply as a contradiction? This goes a step further than the Inherent Contradiction used by Domb and Rantanen I can hear people saying this would be very confusing. Confusing for TRIZ practioners yes! But the key importance is not to confuse newcomers to the subject.
The Matrix Friend or Foe?
I have four laws of the matrix. 1. Whatever I want to improve is rarely one of the 39 factors. 2. Whatever worsens is rarely one of the 39 factors either. 3. When I do find a match for both factors, the indicated 4 principles do not yield a solution. 4. The only good thing about the matrix is that instead of looking at 40 principles one looks at 4.
Although clearly provocative statements, I do feel that the matrix should not be taken too seriously.
The fact that the factor one wishes to improve is not on the list is not necessarily a bad thing. It makes one think more more deeply about what one is trying to improve and how it relates to the 39 factors. It helps to overcome one's mental blocks and to look at the problem in other ways.
I feel that the main use the matrix fulfills is one of giving a picture of what trade offs are and that once one finds there is a trade off, that one of the 40 principles will solve the problem.
So I would say use the matrix with caution. Quickly look for factors to improve and which factors worsen. An excellent way of looking at the matrix (thanks Darrell) is to consider the worsening factor as something that is stopping you making the improvement. I want to improve factor Y but factor X is stopping me. If none of the 4 principles seems to apply try again but don't agonise over it. Better after say 10 minutes of trying to use the matrix, quickly look through all the principles. There are several benefits to this approach:
In doing this on a regular basis one is reminded of some of the less used principles that might not apply on the problem in question but might be of use on some completely unrelated issue.
More importantly the solution to the problem might be a combination of two or even more of the principles. One problem I was working on recently yielded excellent results when going around the list for the second time. The combination of two principles yielded a very simple, powerful solution. I am sure that if I had slavishly stuck to the matrix I would not have acheived this result.
(See Case study below)
Finally it is important to realise that TRIZ does not eliminate the need for thinking. It will never be the case that the solution appears with next to no effort. What TRIZ does, is make sure one is pointed in the correct direction. However one still needs to convert the generic solution into one's own specific solution. And the more that one is forced to think things through, the better one becomes at finding the solutions.
Trade Off Graphs
Worsening Factor Improving Factor Good Bad Bad Good
Ideal Final Result this way
Some authors tend to be show Trade Offs as above, yet many times if one looks at the pair of factors they are better plotted as below (taking the relationship between weight and strength as an example) I feel plotted this way then the conflict can be understood much better. We have a direct relationship between weight and strength and we wish to get more strength without more weight. In graphical terms we wish to reduce the gradient of the curve with the Ideal Final Result running along the X axis. If we apply one of the 40 principles a new curve can be plotted -using composite materials (say). The next curve might be composite materials with hollow sections etc. And curves after that??
So Trade Offs can be seen as trying to improve the efficiency of what one is doing, of getting more of the good stuff with less of the bad stuff.
I look forward to receiving comments about this article.
Case Study
Our objective was to improve the performance of a filter. The filter blocked very quickly, causing excessive maintenance costs. We felt that there were resources being under utilised in the existing filter -particularly the energy energy (and hence cleaning power) in the fluid being filtered. To better utilise the power in the fluid flow we started working through the forty principles. As we worked our way through we found many of the principles might be utilised and principle 14 -Curvature was one we toyed with. However, in going through the list for the second time principle 8 -Antiweight leapt out at us. First time round we had skipped past it, not seeing how it might apply. But as soon as we combined 8 and 14 -We could use floating balls to keep the filter clean. The energy in the flow would constantly agitate the balls and the buoyancy forces would mean that 
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Aims and objectives
Global competition has forced companies to redesign themselves (Leifer et al., 2000). The goal of redesign has been to strengthen a company's position as one of leading companies in the world. One well-known example is Metso Corporation with its three core business areas. Two of these business areas have about half of global markets. This means that Metso cannot grow anymore by acquisitions. Only way to the growth is through radical innovations. The above presented general motivation in industry has been the reason that companies have started to gather knowledge how to innovate their innovation business system (i.e., their innovation structures and processes). Plenty of approaches have presented by many well-known authors, e.g. However, the open question is how to get a big corporation with 40 000 people and with the very tight product development schedules and budgets to ensure a successful system and culture of radical innovation? In our study we have reviewed the contemporary literature of radical innovation and product development. We have collected and reviewed knowledge of innovation founded from design research (the first author), professional knowledge work, professional education, and administrative science (the second author), and senior vice presidents of the industrial company (the third author). The basic aim has been to initiate a developmental programme of radical innovation business system and its methodology covering today's industrial demands. In this paper we present our preliminary work and the plan how to continue it in industry. Later it is planned to extend the programme into the other areas of professional innovation (e.g., education, science).
Project RID: A development programme for radical innovation competence
Project RID is the specific name of our whole 5-year programme. We have borrowed many core ideas from Harvard University Graduate School of Education's Project Zero. Especially, we are thankful to Davis N. Perkins whose many books and articles have given fruitful concepts like 'knowledge as design,''knowledge by design,''theory-one,''mindware,''design that design itself,''knowing your way around,''creativity by design' and many others. Without any explicit references to his specific works, we will recommend anybody to examine his broad production about designing and inventive thinking. Especially, we want to underline Perkins' notion of "by design." As members of design society, it seems to be appropriate to consider both innovation systems and all kind of innovation knowledge as products of designing: entities which have (1) a purpose, (2) a structure, and (3) the arguments (justifications). When developing a systematic radical innovation system, it is necessary to consider both its structures and processes (methodologies) and its intended products "as designs" and "by design".
Knowledge surveys
Effective designers must have, by definition, the appropriate knowledge bases. These include, for example, the repertoires of concepts, conceptual frameworks, methodologies, design experiences and cases (incl. benchmarks and best-practices), and so on. Especially educators and newcomers must explicitly to ask the good sources for them, because nobody has opportunity to acquire them through the first-hand experiences.
The search of conceptual frameworks and "best-practices"
The notion of 'theory-one' refers to the core knowledge base that is required as a basis of any effective design in a design domain. In other words, the focus of search is the generic core knowledge. We have reviewed the contemporary literature of innovation in order to identify a 'theory-one of radical innovation management,' i.e., the generic knowledge base for the developers of radical innovation business systems. Three simple models seem to be promising for our current practical purposes. The first one is the Guaranteed Innovation model presented by Thomas Kuzmarski and his fellows [Kuczmarski 2001 ]. It consists of seven components: prioririty, policy, platoon, process (called together as a "funnel"), and problem orientation, platform, payback measures (called together as "fuels"). The main benefits of this model is the strong connections to customers, business strategy and other "fuzzy front-end" issues. The second framework is Miller and Morris ' 4 th Generation R&D framework. It seems to be easily combined with GI-model and it provide some important extensions like the differentiation between three levels of activities: operations, improvement 1 or R&D 1 and improvement 2 or R&D 2 . It contains also a differentiation between to kinds of marketing: marketing 1 and marketing 2 . These conceptual differentiations of design activities help us locate the development of innovation business system to its proper place in a organizational hierarchy. Although there are many specific differences in the innovation systems and processes of specific companies, it is possible to find behind of them the same generic structures. Innovation consists of four necessary phases (scanning, selecting, resourcing, implementing) and one optional phase (reflecting & learning). The question is about their specifics in the context of radical innovation. We are starting our pilot developmental work in companies using these models as the conceptual frameworks. They are used as scaffoldings, as schemas for constructing the company-and productspecific solutions of a innovation business system. They are not considered as competing alternatives, but rather as complementing frameworks for different topics and aspects of radical innovation systems. Therefore, we want to use them together by a "method of juxtaposing". Beside these three frameworks, we have more alternatives for later use. But in this starting phase of our programme, it seems to be wise to focus on the careful application of a few promising conceptual models. These tentatively selected models seem to be simple and generic, and therefore they can be considered as an initial design for the "theory-one" of designing the radical innovation systems.
The ultimate innovation library
Busy business managers and R&D personnel cannot be expected to review concurrently with their daily activities all the available innovation bibliography and its updates. They may have big problems in the retrieval of relevant books and articles. And students of innovation management may have unnecessary troubles in selecting a good set of readings. Therefore the members of academic societies are expected to provide their help in these problems of knowledge management. Beside this generic library of radical innovation, we need more dedicated libraries for firm-and person-specific uses. During our action research experiment, we will develop and update them as a part of the search of conceptual frameworks, benchmarks and best-practices. Every modern corporation must have this kind of specific "libraries" as parts of its innovation knowledge base.
Knowledge assessments
The working with an action research approach gives many opportunities to test the relevance and useability of current theoretical concepts, models and principles. A central challenge is to tailor this knowledge for context-specific uses. In this work, there are many opportunities for a collaboration between companies and academic societies.
The quest for intelligent uses of innovation knowledge
Every practitioner knows from his/her personal experience that it is not trivial to decide what generic knowledge is really relevant and useable when we are designing truly innovative structures and processes for the future that contains always many uncertainties. The real measure of innovation expertise is the competence in transfering the past-based knowledge to the contexts of uncertain futures. In other words, the knowledge bases of innovation must be applied intelligently -wisely.
Innovation knowledge management and knowledge as design
When approaching the issues of innovation knowledge management, the focus is not those technical problems and solutions that are usually considered by information science professionals (like problems of documentation and information retrieval). The challenge is the broad, deep and critical understanding of available multitude of knowledge sources and the real meaning of knowledge as design. Knowledge is assessed by considering radical innovation knowledge as a potential basis for systematic or purposeful radical innovation practices. Instead of efficiency issues the focus is the relevancy issues. Innovators are problem finders/posers and problem solvers; and we are studying innovation opportunities of innovation business systems, especially the opportunities for radical innovations.
Knowledge acquisition and use in action
Real knowledge is not in documents but in human heads. Innovative entrepreneurial organizations must have people who have this know-how in use as their second nature. How to help organizations to promote the acquisition of radical innovation knowledge? One approach is to do the systematic, concrete attempts of radical innovation and actively search and critically experiment with the available knowledge sources. This is our way to proceed.
The implementational focus with the action research experiments
Project RID may be considered as a set of action research experiments. We have some vested scientific objectives, but the main intention is the successful implementation -"footing" -of radical innovation competence in the contexts of specific industrial corporations. Currently, we are focusing on the following themes.
Innovation mind-sets and innovation cultures
A real danger in the contexts of organizational changes is that the attention is directed onedimensionally to the questions of specific techniques and tools. In other hand, there are many examples of studies of organizational development which have considered people as psychological entities (i.e., as systems of character traits, personality styles, and so on). Our approach is of necessity both people-oriented and socio-historical-cultural oriented, but we consider only the well-specified and concrete patterns of behavior. We consider a mind-set as a well-specified and trainable pattern of behaviors. Thomas Kuczmarski has characterized in details the structure and development of an innovation mindset of chief executive officiers (CEOs). Many other authors are, too, underlined the importance of mind-set training in the context of innovation. It is possible to consider the challenge of innovation culture development at least partially as the task of innovation mind-set training. In this connection, it may be informative to refer to the notion of design mindfulness. Tom Peters presented his views on this notion as the keynote speaker in 45 th International Design Conference in Aspen 1995 [Kao 1996] . One way to approach on the concept of innovation mind-set is to ask its correspondence with design mindfulness; in other words, is it fruitful to promote the innovation cultures via the development of innovation mindfulness?
The RID mind-set and RID mindfulness
Because the basic aim is the development of radical innovation systems and processes, it is natural to study especially the characteristics of RID mind-set and the opportunities for its development. As a part of our programme we will consider the fuirtfulness of a special notion of RID mindfulness.
The seedings and seeds
Thomas Kuczmarski has underlined the importance of successful innovation teams as seeds for cultivating the innovation business systems in corporations. It is important to generate true "living examples of tiger teams" which give to the later teams both the "war stories" examples and the core parts in the form of experienced team leaders and senior team members. Radical innovation will require the true "tiger" teams and their physical and mental constituents.
Toward the CF-SIT methodology
Corporate innovation in moderns industrial contexts requires a large set of different methodologies. And the intention to facilitate radical innovation seems to require us especially to review and critically audit the available methodologies of customer research and conceptual design (invention). The notion of CF-SIT methodology refers to an eclectic collection of methodologies which have had a well-proven success in industrial innovation. SIT or Strategic Innovation Technology is intended to focus the attention to the care of the strategic innovation potentials of selected methodologies. And CF or Context Focused is intended to underline the need to select and apply these methodologies with context-sensitive ways.
The current state of programme and the near-term activities
During summer and fall 2001 we have done an intensive preparatory work in the area of knowledge survey and assessment of invention methodologies (especially, TRIZ and its different modifications and hybridizations) for Metso Corporation. Now (January 2002) we are designing a specific implementation plan for the next five years. Many practical details are yet open. We are interested in finding fellows who are working with the difficult themes and questions of radical innovation and its education. Moreover, as scientists and educators, we will welcome more discussions on the connections between design science and radical innovation studies.
Concluding remarks
Radical innovation will provide many theoretical and practical challenges to people who are proactively approaching the fundamental questions of innovation and entrepreneurship. We have, for example, problems of communication, which arise from the use of the same word 'radical innovation' with many different meanings. And this communication problem is complicated with the use of the many different words like 'discontinuous,''breakthrough,''revolutionary,''paradigmatic' and some others as synonyms with 'radical'. One basic challenge in the development of innovation systems in industry, education and science is to create a shared language. In the context of Project RID it is not intended to do primarily the academic studies of conceptual analysis or any similar studies of design science. But as a side-effect of our work, we hope to trigger and aid the critical study of these academic themes. It is true that "nothing is so practical as a good theory." But we want to add to this phrase a supplementing comment: "Good theories emerge from the living practices." 1 
CONVERGING IN PROBLEM FORMULATION : A DIFFERENT PATH IN DESIGN
ABSTRACT
The efficiency of the design process in companies today is largely dependent on the skills of individual members of project teams, the capacity of the software available on the market and any assistance provided by the tools and methods found scattered around the industrial world. Within this context, there have been myriad attempts to optimize the different stages in the design process by using computerization, but a growing proportion of current research work on design tends to agree that the crucial point in the act of designing lies in the phase where inventive ideas are sought and that without such ideas being generated, there is no successful future for the product. In the framework of a large number of research activities it has been proven that the TRIZ 1 contribution to the science of design has a promising potential [1-2-3-4] . On the other hand, the added value and spectrum of problem typology where TRIZ could help remains unclear for most researchers for various reasons. Originally, since the theory has penetrated the so-called occidental world, every individual took from TRIZ what he thought was right according to his own knowledge about design, problem solving process, creativity or needs forgetting that 95% of scientific literature about TRIZ's fundamentals was written either in Cyrillic or in unpublished manuscripts. In most cases, theses multitudes of uses did not see that the original idea of TRIZ was to formulate a theory as strong basement for building methods and tools to satisfy designers expectations. This fact led nowadays TRIZ's image to fuzziness since available literature on the subject only presents case studies and uses of 1 TRIZ stands for the Russian acronym of Theory of Inventive Problem Solving. tools (mostly the matrix) although TRIZ's scope is much wider. To avoid further aggravation of this fact, this paper aims at presenting the first axiom describing TRIZ's objectives as a basement for our research activities. Two methodological approaches are then presented : the "trial and error" type approach, which is still very much in use everywhere in industry and which aims to explore an area of solution-seeking, following a structural approach or not, through a series of attempts, which often end up in failure. The second approach is the "convergent" approach proposed by the TRIZ body of knowledge and developed as a contribution to design activity's efficiency in our research center. This approach aims at limiting the sphere of research during a larger and longer problem statement stage to converge towards a small number of solutions in opposition to traditional approaches which consists in generating a large amount of ideas and select the best suitable ones to be implemented. A case study on the internal ventilation of a car will also be presented to illustrate the quality of the results that could be obtained when applying this convergent approach.
INTRODUCTION
All researchers and industrialists who have analyzed the rules of the new economy agree that the added value for any company resides in producing goods and services which will satisfy customers. The customer has therefore systematically become the center of all attention and in spite of attempts to draw up methods which can detect his latent needs (MOD 2 ), research never strays from the objective of achieving consumer 2 satisfaction. While this aim may be praiseworthy and provide economic security (we can scarcely imagine a consumer buying something he doesn't like), the founding principles of the Theory of Inventive Problem Solving demonstrates that the evolution of technological systems is controlled by a set of objective laws defined in a broad spectrum of articles and works [5] [6] . This sets the consumer and his desires in contradiction with the objective laws which control these evolutions. We then find it hard to imagine that if these two directions are not concordant, then one is moving in the right direction and the other in the wrong direction.
In his article on the evolution laws of technical systems [7] , G. Altshuller points out that the risk of breaking these laws (by analogy with civil law) may be sanctioned by the market of the future (just as a breach of the civil code can be sanctioned in court). But beyond formulating these laws, our article sets out to demonstrate that in opposition to the objective of designing the product (or system) in accordance with the consumer's desire, there is another design path whose aim, at a very upstream phase of the project, is to reduce the prospective phantom of solution-seeking in accordance with these laws so as to reduce significantly the risks of serial "trials and errors". We shall also demonstrate that, without upsetting the habits of the designer to any great extent, it is possible to increase the degree of ideality of the solutions found and to make them industrially viable while keeping constantly in line with the company's capacity to implement them.
PRIORITY AIM: REDUCING THE SPHERE OF CONCEPT-SEEKING
Context
It is generally acknowledged that when an engineer is in charge of a project, his objective in the creation phase is to generate a maximum number of concepts in a minimum amount of time. This strategy often results in psychological inertia and stress related to respecting the schedule of the project. However, trying to design a product or service under the pressure of requirements dictated by the problem specifications is counter-productive for the engineer. Moreover, the specifications of the problem in hand may be considered as the outcome of technological solutions proposed in the past and new requirements dictated by the market and the influence of rival companies.
But what are the ideal conditions for improving a technical system (or a process currently under development) using known methods of optimization?
What strategy should be adopted when the problem cannot be solved by conventional optimization procedures and a truly innovative solutions is needed?
In other words, how can we optimize the idea-generating phase during the design process? Figure 1 : Modes of problem evolution towards the solution Most of these strategies can be sub-divided into two groups: Systematic tests and non-systematic tests.
These two categories are based on the following principle: "HOW can the situation which poses a problem be solved?". Brainstorming is a typical example of the first group since it does not go beyond a thought process, which may well be governed by a certain number of rules, but whose efficiency depends on the skills of individual team members alone. The second groups include a large number of methods which are broadly used in research and development centers where the areas to be explored can be shared out among several project teams. Yet, while this strategy was successful during the twentieth century, it is proving to be costly today and inefficient in a number of cases, which means it no longer meets the requirements of the new rules governing our economy.
A new strategy must therefore include a set of characteristics:
§ Guaranteeing an excellent level of reliability so that the design phases may be planned with accuracy; § Offering a low utilization cost in order to minimize human involvement; § Benefiting from a capacity to generate ideas systematically when these are lacking; § Including an aptitude to turn around the psychological inertia of the experts in the field; § Guaranteeing clarity and understanding of the solutions generated. It is true that the theory of inventive problem-solving seems to include many of these features. Yet, just as with many other theories, mastering the theory still requires a certain amount of study and practice. And while there are many people today, who have mastered a number of tools and methods proposed by TRIZ, there is nonetheless an obvious gap in terms of the strategy of its overall application.
G. Altshuller demonstrated the need to reduce the sphere of research [8] [9] , but this point has remained at the level of an informal acceptance among TRIZ experts.
Description of the approach reducing the sphere of research
Let us begin by drawing up a non-exhaustive list of the restrictions that the designer has to contend with during the problem-solving phase:
§ Time limit; § Prohibitive cost of the solutions (limited allocation of resources); § Psychological inertia caused by the sometimes overspecialized skills in a specific domain; § Lack of knowledge on a given topic (it is impossible to know everything). It is obvious that if no time limit is set, any theory can come up with a solution to a problem, helped by chance, since trial and error tests can be continued indefinitely. And yet if, on the contrary, the designer only has a few seconds to solve a problem, even the most powerful computer will fail at the task.
What TRIZ proposes to do is to set down the problems in the shape of an organizational contradiction initially and then to evolve methodically towards formulating a physical contradiction. Through an analogy with engineering problems, here is how our problem can be formulated:
Problem definition: How can the solution-seeking sphere be reduced from among the infinite variations possible without using a trial-and-error type procedure? [10] Contradiction: It is necessary to differentiate precisely and systematically between possible and impossible concepts so as to uphold the following objectives:
-Impossibility of missing a good solution -Need to rid oneself of psychological inertia But it is also necessary to exclude the systematic, precise aspect of research for the following reasons:
-Lower research costs -Too little time to exploit potential leads (sometimes lack of knowledge).
Summary of the conventional methods used
Here are some methods [11] stemming from the TRIZ framework and which are traditionally used with the aim of solving a key contradiction during the design process:
§ The why-why diagram. This is a stem and leaf diagram where the starting point consists in asking the question "Why is there a problem?". The aim is to develop a diagram with a few principal and secondary branches. The project team continues the question process by repeating the question "why?" until the roots of the problem become apparent. The root cases are identified if the problem is repeated or appears in several branches in the diagram. § The-cause-and-effect diagram. Also known as the Ishikawa or fishbone diagram, this is broadly used with the aim of collating and structuring the data linked with the causes of problems and making them converge towards the most probable root of the same problem. § The Pareto chart. This is a bar graph which is used to prioritize causes (or observations) where the causes with the greatest weight in the problem at hand are located on the left of the diagram and then given in decreasing order of occurrence. Its principle is based on Pareto's law which stipulates that only 20% of causes are implied in 80% of problems, whereas inversely, 80% of causes only generate 20% of the problem. § The interrelations diagram. The purpose of this tool is to explore cause and effect relations on the basis of the results yielded and to identify the root causes The main causes (from 4 to 10) identified by the cause and effect diagram are represented in circles. The project team identifies the cause/influence relationship by analyzing each factor in turn. Starting with a factor chosen at random, the team is asked whether a causal relationship exists between this factor and the adjacent factors. The most significant relationships (shown on the graph in the form of arrows) are presented in bold type. § Experience plan. The Experience Plan method aims to seek the best compromise solution between a set of parameters with multiple-level factors. The method integrates a statistical mathematical tool which takes into account the natural variability of the phenomenon and the following positive points can be noted in this approach: o a significant drop in the number of trials to find the best compromise; o the possibility of increasing the number of factors under study or their levels; o taking into account any interactions between factors; o simple modeling of the results; o good level of accuracy in determining the results. What do these methods have in common? They are all focused on the restrictions related to the situation at the outset without taking into account the objective rules which influence the logical evolution of the system under study.
At this stage, we should recall the key points in the approach proposed by the theory of inventive problem solving:
§ Technical systems evolve in accordance with certain rules (laws) § These rules may be identified by observing the knowledge gained during the evolution of technical systems § These rules may be used to innovate within a technical system with the aim of systematizing this evolution. § It is possible to make the problem-solving process progress from the random to the systematic while keeping in line with these objective laws. § An analysis of the initial situation of a problem which does not take into account the restrictions resulting from these rules of evolution, is destined to fail or depends solely on the chance factor [12] .
What does TRIZ offer?
The main difference between known methods for generating new ideas and TRIZ, is that TRIZ leads to a systematic analysis of the root of the problem on the basis of exhaustive knowledge of the rules governing the evolution of technical systems, scientific know-how (such as the laws of physics and chemistry) and the restrictions imposed by the specificity of the problem. Several levels of detail are brought into play in order to summarize the results of the model describing the problem (contradiction). This strategy, as opposed to generating a maximum number of ideas, aims to confine this number to those with the highest potential. Each stage on the path separating the problem from its solution is examined by a contradiction model which is constantly challenged by the objective restrictions, thereby enabling the sphere of research to be narrowed at each step. Instead of collating a high number of concepts and sorting them afterwards, the optimum concept selection process is integrated in the approach to the analysis [13] .
Systematic analysis
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At the outset, the analysis of the problem's field of investigation is determined by the principal function of the technical system, the list of the main components of the system and the expected objective of the problem-solving process. A model, in the shape of a contradiction, is built in order to piece together a clear-cut answer to the question "Why do we have a problem?" or "What is keeping us from solving the problem?".
Traditionally, a technical contradiction describes the following situation " we know in which direction we should go to find the expected result, but if our idea is implemented, then the system deteriorates". This deterioration is only visible because a certain number of objective restrictions still remain hidden at this stage and probably a number of other restrictions linked with the situation have not been taken into account. In figure 2 , this situation is represented by the two main arrows.
Only a limited number of elements stemming from the analysis of the situation at the outset are retained and analyzed when dealing with the problem. The designer nevertheless obtains clear directions from this type of analysis as to the typology of the additional information required to solve it. From here, an additional analysis of the problem model in terms of seeking the key resources for solving it, the expected Ideal Final Result and the physical contradiction, enables us to collect significant information on the objective and specific restrictions which make up the conflict (or problem). As to the results yielded by this type of analysis, a list of the properties of the interacting elements is built up following the pattern Element ? Parameters ? Target Values (EPV). At this juncture, only a limited number of concepts can meet the properties required in accordance with the restrictions analyzed beforehand. Furthermore, meeting this list of properties will lead to innovative and robust solutions.
The diagram given in figure 2 is, in fact, no more than a (simplified) representation of the key idea inherent in the formalism highlighted by G. Altshuller in ARIZ. [9, 12] 
CASE STUDY
Introduction
In the automobile industry, well-being and safety are priority objectives and ventilation within the car must be optimized at all levels so as to increase the thermal comfort of the user. The current trend is to offer a concept of diffused ventilation integrated into the dashboard in addition to traditional ventilators. There is little prior experience in this field, but several studies in the research phase are being conducted by companies.
The aim of this project (conducted in partnership with the company Faurecia) is to set up a convergent design mode so as to produce a ventilation system diffusing air into the passenger compartment to improve the thermal comfort of passengers. The project is centered on the passenger compartment of the Peugeot 406 and the concept selected must meet the requirements of a label system (cf. Table 1 5
The correspondence between the parameters and values to be allocated is given in table 2.
Key stages to reformulation
Principal function of the system: To diffuse air stemming from an air-conditioning unit in the passenger compartment.
The Ideal Final result (IFR) : An ideal system of ventilation would be :
§ small in size, § light weight, § made up of a minimum number of parts, § sound proof, § would diffuse heating or cooling air evenly inside the passenger compartment, § adaptable to all car versions, § with low loss of charges.
Positioning of the system in relation to the laws of evolution:
Generic morphology of the system and its principal components as defined by Law 1: Statement of the problem using the formalism of contradictions:
Organizational contradiction: I would like to diffuse air in the passenger compartment of a car
Technical contradiction: When I increase the cross-section of the nozzle, the outlet speed is lower but detracts from the design Physical contradiction: The surface are of the outlet must be both large to reduce the air outlet speed and small to limit bulkiness and not detract from the style.
Solving the physical contradiction
Concept N°5: dynamic de-icing duct
Principle: The de-icing duct operates by a translatory movement. It thus opens a new air outlet obstructed by the foam molding on the dashboard.
Construction of a viable industrial solution: Making the de-icing duct dynamic
A ventilation system diffusing air is put forward in figure 6 and offers a wide cross-section for the additional air outlet through the translation movement of the de-icing duct. This additional section is only activated when the duct is set in the high position so as to preserve all the features of current deicing systems. The translatory movement is actuated by connecting rods which are driven by a rotational movement through rods linked to the Man/Machine Interface on the dashboard with pins which slide in the grooves of the duct. These connecting rods are clipped onto supports which themselves are riveted onto the de-icing conduits. The technical considerations are mainly related to guiding the sliding link. To counter the buttressing effect, the driving force of the connecting rods is directed in such a way so as to have a unilateral contact between the duct and the frame. With this layout, whereby all the forces are applied to the duct, the efficiency of the slide is 0.86 and the actuation force is 12 N.
For this solution not to be penalized, the sequence of assembly operations must be the same as for the ducts currently used, i.e. the dashboard should be turned around any more than at present.
The number of operations is higher than for a conventional duct, but the number of times the dashboard is turned around remains unchanged. Furthermore, some operations (clipping on the connecting rods, riveting the supports) can be carried out at the same time as the welding operation for the de-icing ducts.
A graphical representation of the design process evolution used within the framework of TRIZ is given figure 6, and clearly state about the link between the convergent process approach (presented in the first part of this paper) and the results of the main steps of this case study. We should also note that in opposition to a large number of ideas generated with several interpretations of various principle (which has never been a mean in TRIZ philosophy) the convergent process remains in concordance with one of the main objective of industry needs : reducing R&D costs while improving quality and efficiency of an innovative solution. 
Challenges/prospects
This case has demonstrated, as many other experiments have also done, that the impact of the practical application of concepts reducing the sphere of solution-seeking by using TRIZ has a positive effect on the inventiveness of the proposals put forward by project teams. There is considerable improvement in terms of the cost aspect, which is at the heart of all industrial decision-makers' concerns, and we also observe that corporate management policies towards innovation must undergo some change.
Our approach gives rise to new prospects on many levels. First of all, it is necessary to challenge the whole architecture of the design process, since current work is based on grounds which claim that product evolutions cannot be controlled and that because of this, prospects tend to move in directions which rely on the skills of the project members alone (or the company's know-how). This essential adaptation of the objectives of the design process must mainly be carried out during the upstream phases and the stages where the problem is formalized, because it is essential to reduce the sphere of solution-seeking and therefore the potential investment required. The presented approach is not an extended version of TRIZ but our contribution is oriented toward clarification of TRIZ uses. It lies in the fact that many restricted or inadequate uses of TRIZ have been made lately, since incomplete vision of TRIZ's basics create fuzziness or disappointments in the mastering of the way a TRIZ project can be conducted so as in the quality of the obtained results. Yet prior to this, it is up to researchers inspired by the theories developed by Altshuller, to solve the problem posed by transferring TRIZ in view of how complex it is to come to terms with it [14] . We should perhaps note in passing that attempts to simplify it (USIT, ASIT [15] , I-TRIZ and others) or attempts to produce software (TechOptimizer, Innovation Workbench and others) only offer a degree of success limited to the originality of the theoretical bases of TRIZ, without fully exploiting its entire scope but nevertheless proposes a quick answer for those who did not have time to dedicate to build TRIZ competences but still want to benefit from it. Our research work is moving in this direction: the aim is to gain in-depth knowledge and fully grasp the modes of transferring TRIZ so as to foster the relevance of its integration in the design processes of companies, while taking into account all fields related to engineering involved in everyday realities of the industrial world and which can influence the overall efficiency of the design process.
TRIZ and Design
Graham Rawlinson Graham@dagr.demon.co.uk If you have read articles on TRIZ by me before you will know that one thing I like to do is apply TRIZ to everyday life. I have reported in previous journals ideas relating to TRIZ and decorating. I would now like to take you through the journey I made with TRIZ and design for redecorating my whole house, a journey which entails an increasing use of TRIZ room by room, until in the end we had (my son and I) some firm ideas about TRIZ and design which really works! In the earlier article we were using TRIZ simply to solve technical problems, like removing wallpaper, applying paint using unusual resources like an oil can, and getting paint lines to look straight (by using TRIZ Principle Segmentation, if you create a line which is non-uniform -spots say -then the line looks more straight than if it is continuous).
But basically the design of the room was fairly standard, though we did choose to use external light (a bright green from trees outside) to enhance the colour readmitted from the wall paper.
In the second room, a bedroom, we chose to segment the colours more, so the lower walls were a darker green than the upper walls, and the rugs were also a matching green. For the next bedroom we were ready to apply Trend of evolution to a greater extent. The segmentation of colours was still applied to upper and lower walls, but this time the lines of separation on each wall were complex curves, running from ceiling downwards, leaving a gap and then from floor back up with a slightly different curve. This continued around the room. The interesting effect was to lessen what could have been an over dominant red in the lower part of the wall.
The next room was a small bedroom which was to be converted to the office but without losing the potential to put a small double bed in for guests on occasions. As this presented greater contradictions for use of space this would provide more opportunities for TRIZ.
The first function tackled was the design of the bookshelves. They had to store a lot of books and papers and office stuff but they must not take up too much room.
Combining Principles of Asymmetry, Segmentation, Another Dimension led to the making of the main shelves as an A frame between two walls, with either leg of the frame resting against the outer wall. This meant that the main structure was mostly self-supporting and was very easy to make. Instead of many uprights to hold the weight of shelves, all needing to be secured, the system was mostly self-standing. Shelves inside the A frame were put at different heights (segmentation and nonuniformity) as were the shelves resting on the outer frame. Not only did this make the whole structure need far fewer securing points it also looked great (well, beauty is in the eye of the beholder perhaps). But best of all, because books and papers are all different sizes the storage space in the shelving system was much greater. The usual gaps that occur above small books put on deep shelves was not evident. In fact the system stored so much that space was left over after storing all the stuff that had previously been put on the same shelves in an upright rectangular design.
The A frame shape suggested a new segmentation of colours for lower and upper walls. The darker colour was again chosen for the lower wall and painted as a repeated tooth shape around the walls (the tooth shape came from the inner A shape with the top cut short). The computer desk was made to match this shape as triangular shelving on the far wall. At that height is also allowed a bed to be placed under it but not completely covering the bed end, so making it easy to get in \and out of the bed.
So by choosing to use other dimensions and other angles than right angles we had maximised use of space and creating some interesting visual effects.
The final room reworked was the kitchen. Here we had even more contradictions because there was more functionality required. Asymmetry, other dimensions, local quality and segmentation helped create a novel design.
The first decision was to place almost all of the function of storage in one place, so the end of the kitchen became one large floor to ceiling cupboard.
The wide upright struts enabled us to use the width of the struts to allow curved cuts in the doors without revealing gaps between them. The gap line wavered, plant like, from floor to ceiling.
By placing most of the functional storage in these cupboards there were no other cupboards on the walls and so the sense of roominess increased considerably. There remained the issue of worktop space. One worktop was simply a curved piece of maple. That was an easy decision, replicating the curves of the cupboard doors. The second worktop area was around the sink.
The usual rectangular sink and draining board would not fit the design at all, and also seemed to use space which at times had a different function.
At times the area could be used for preparing food and at other times for washing the dishes and such like. We did not think it too easy to segment the sink in time, sometimes being there and sometimes not, as that would require some very quick fit plumbing! But we could segment the use of the worktop area in time, sometimes being a clear area for preparing food and sometimes being an area for washing up.
So the draining board could be moveable. We decided that a simple large tray would suffice, being there to protect the worktop from metal damaging the surface, but removable to under the sink when not in use.
This enabled us to have a very simple round sink and a clean and clear worktop area.
To finish the design the tiling behind the sink worktop was of matching colours but the tiles were of two sizes, very large and very small, which allowed us to play with the patterns to fill in the space and make it non-uniform, more like a work of art! There were many other uses of TRIZ in the practical "how to do it" world of building the worktop and cupboards and the required plumbing. But the suggestion is that it was the use of TRIZ in thinking about design that was most fruitful.
It was not that we would not have seen some of the ideas in magazines and such like, but TRIZ gave us the courage to explore the ideas systematically, and as we did so we got more and more willing to take risks with the design. This is one of the major benefits of using TRIZ. Maybe you could use other approaches to solving the problems and contradictions, but with TRIZ you can be confident about the kinds of decisions that TRIZ suggests.
TRIZ and design
Good design is about combining good functionality with good aesthetics. Fortunately when using TRIZ these seem to go together.
Any parameter, or feature, can be segmented, shifted in dimensions, made more nonuniform, moving from straight lines to curves and complex curves.
Increased use of asymmetry not only seems to look better but usually supplies more possibilities of functionality, with some parts able to deliver different functions to other parts.
It is easy to use any of the 40 Principles as a "What if?" question, and combining these with separation in time or space, trends towards non-uniformity and complexity, using Ideality to guide choices, we can have a lot more fun and come up with ideas which we can trust will be heading in the right direction.
The more I use TRIZ in an easy way, just for everyday decisions, the more I trust that it works. People seeing the design decisions we have made through the house are making very positive comments, including that they are not so sure they would be so brave! Well, when we started we were not so brave either. So now it is back to the first room to see what might be done to develop that room! All comments welcome.
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